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Abstract—In this study, the potential use of the serious game
called SRPSim was studied for training, decision-making and
environmental management. The proposed study aimed at the
implementation of the resilience concept through the development
of a general framework for resilience enhancement. The devel-
oped video game implemented five different Sustainable Drainage
Systems (SuDS) in randomly generated terrains considering
factors such as flood resilience, quality of life index, land-use
planning, and implementation cost. Procedural Content Genera-
tion algorithm was integrated for automatic in game random
content generations to return interesting instances, promote
game re-playability and to simulate the complexity related to
hydrological processes.
The measurement of subjective playing experience was con-
sidered as an integral part of the game development process.
The core playing experience during game-play was assessed
considering perspectives such as Dual-Flow, Flow, Presence, and
Absorption designed through an engagement questionnaire. The
results showed that SRPSim has the potential to be used for
SuDS decision making. The future study will examine the extent
of psychometric measurement to facilitate game evaluation and
design process.
Index Terms—Sustainable Drainage System (SuDS), Procedu-
ral Content Generation (PCG), Serious Game
I. INTRODUCTION
Serious games as a training tool have earned widespread at-
tention for being a fundamental element within much new gov-
ernance approaches [1]. Serious games provide environments
for civic learning and experimentation [2]. The experimenta-
tion could trigger shared knowledge, the finding of common
ground, conflict judgment, and motivate goal achievement [3].
According to [3], well-balanced prototypes provoke focused
analyses and reflect on real-world models and abstractions,
convey sufficient opportunity to explore and investigate. Co-
designing games with prototypes offer a promising strategy
to ensure regional embeddedness and create recognisable and
meaningful narratives. [4] studied the role of digital interven-
tions to provide deeper engagement and improve the oppor-
tunities for participation in civic life. They have illustrated
that interactive online game could create and strengthen trust
among individuals and local community groups. Trust is linked
to reliance on the process of engaging, which encourages
interactive fashions of engagement. [5] considered games-
based learning environments as the most effective principles of
technologically mediated learning. As such, in this study, we
attempt to promote the knowledge of Sustainable Drainage
Systems (SuDS) and its incorporation into urban planning
to achieve urban flood resilience through the design and
development of video game called SuDS Resilience Planning
Simulation (SRPSim). Our case study focuses on the north-
west of Sa˜o Paulo city in Brazil. The simulated data were
obtained based on the Digital Elevation Model (DEM), land
use maps and the total annual precipitation in the district.
The slope and imperviousness of the simulated terrain were
developed using the simplex noise (SN) Procedural Content
Generation algorithm. Sa˜o Paulo is a fast-growing city, and the
urbanisation is way faster than the rate of developing appro-
priate planning policy. The current infrastructure development
follows the conventional sewer network construction with less
or even without considering making these systems sustainable
for future challenges, including climate change and an increase
in population. As such, this study developed a framework to
encourage the usage of sustainable drainage systems (SuDS)
and resilience enhancement. The policy-makers, stakeholders
and HE students, are the targeted end-users of the game to
introduce major features, i.e. maximising resilience (surface
runoff, contamination) and minimizing costs.// In computing,
content generation is a method of creating data algorithmically,
typically through a combination of human-generated assets
and algorithms coupled with computer-generated randomness
and processing power. Procedural content generation (PCG)
refers to the algorithmic generation of game content (e.g.
levels, maps, quests, textures, vegetation, rules, dynamics
and structures) with limited or no human contribution [6].
The main idea behind procedural content generation is that
game content is generated by computers executing a well-
defined procedure. To avoid losing control over the design
process, while still influence the final product by adjusting the
parameters of the procedure.
II. URBAN DRAINAGE SYSTEMS (SUDS)
Urban drainage systems are one of the vital city infrastruc-
tures which are used to collect and convey storm or wastewater
away from urban areas [7]. Despite developments over the
years, it remains a significant challenge to design an effective
functioning drainage system [8]. Rapid urbanisation can lead
to increased susceptibility towards flooding as the result of the
concentration of people and assets in flood-prone areas [9].
Furthermore, climate change may cause floods to occur more
frequently and severely. This combination is likely to result
in substantially more significant flood impacts compared with
former times, in which societies and environmental change
drivers developed more slowly and societies continuously
adapted to environmental changes [10].
Urban flood resilience advances the opportunity for an urban
area to withstand or recover from disturbance and to anticipate
and adapt to change as an ongoing goal. Understanding cross-
scale interactions of the urban components and how they might
affect the flood vulnerability of cities is at the centre of the
process. Therefore, there is a demand for tools and applications
which can raise awareness concerning flood resilience inter-
ventions. Our proposed framework encourages the cultivation
of resilience through bottom-up initiatives that can shape
strategy, policy development with educational benefits. As
such, SRPSim was developed To disseminate the knowledge
of SuDS and its effectiveness to reverse the trend of increasing
flood vulnerability.
III. METHODOLOGY
A. Resilience Enhancement
Enhancing resilience is considered as a rational strategy to
cope with uncertainties and surprises. Resilience is an intrinsic
property of (complex and dynamic) systems. These systems
can cope with and recover from disturbance (short-term re-
sponse) and retain their normal (expected) operational level
during extreme events. Thus, if the system could not absorb
these extremes, it should recover quickly without losing much
of its performance. Hence, the concept refers to the capacity
to deal with changing conditions and continued development
(i.e. to adapt and learn) considering robustness and flexibility.
SuDS are a collection of water management practices that
aim to align modern drainage systems with natural water
processes [11]. SuDS have become popular in recent decades
as the understanding of how urban development affects natural
environments, as well as due to concerns for climate change
and sustainability [12]. SuDS often use built components that
mimic natural features in order to integrate urban drainage
systems into the natural drainage systems or a site as effi-
ciently and quickly as possible. There are growing demands
concerning runoff quantity and quality, landscape aesthetics,
protection of ecology, beneficial water use and interaction
with the operation of existing municipal wastewater systems.
Current solutions that rely mainly on pipe networks may not
be sustainable, especially in developing countries [11]. Five
different SuDS are considered in this study based on the
north-west of Sa˜o Paulo city’s characteristics, including; Bio-
retention basins, Rain Barrel, Grassed Swale, Green Roof and
Porous Pavement, described below;
Bio-retention basins - BIR A shallow landscaped depression
allows runoff to pond temporarily on the surface, before filter-
ing through vegetation and underlying soils before collection
or infiltration. In its simplest form, it is often referred to
as a rain garden. Engineered soils (gravel and sand layers)
and enhanced vegetation can be used to improve treatment
performance, [13].
Rain Barrel - RNB The rain barrel is technically rainwater
harvesting systems that collect roof runoff and can release
rainwater whenever needed. They can be installed both for
commercial building and residential buildings.
Grassed Swale - GSW Grassed swales are shallow, flat
bottomed, grassed open channels (to slow flow) designed to
convey, treat, and often attenuate surface runoff during storm
events. They can enhance the natural landscape, and provide
aesthetic value and biodiversity benefits. The type of swale
considered in this study is the dry type where the collected
runoff is conveyed through an underdrain which provides
additional treatment and prevents waterlogging.
Green Roof - GNR Green roofs (vegetated roofs) are areas
of vegetation installed on top of buildings. It is technically
similar to Bio-retention except for its location; it consists
of a topsoil layer with underlying mat material that conveys
excess infiltrated rainwater off the top of the building. They
reduce surface runoff through interception, have aesthetic and
ecological value. Green roofs can be extensive with low
substrate depth or intensive with deeper substrates, commonly
referred to as roof gardens. The depths usually varies between
75 mm to 150 mm, [14]. However, the depth can be as high
as 150 mm, [15], [16].
Porous Pavement - PVP Porous or pervious pavements are
developed ground surfaces for pedestrian and traffic allowing
rainwater to infiltrate to the underlying soil through a porous
surface. They reduce surface runoff (both volume and peak
flow) by increasing infiltration offering a reasonable treatment
medium. Previous pavements can either use a porous material
(e.g. porous asphalt material) the infiltrate rainwater across the
entire surface material or use impervious materials (e.g. plastic
or concrete grids) that are laid to provide void space through
the surface to the underlying subbase.
The resilience in this study is calculated in two steps. The first
step considers flooding magnitude relative to the total flow in
the sewer network, i.e. the ratio of the volume of flooding (area
of chart above maximum capacity) to the total flow (area under
the flow curve). The second element of resilience considers
how often and how long the flooding lasts, which is calculated
as the ratio of the total time of flooding (the sum of t1, t2,
and t3) and the total time under consideration (ttotal).
Resilienceflooding = 1−
∑
Flooding∑
flow
× Tflooding
Ttotal
(1)
TABLE I
LANDUSE TYPE, IMPERVIOUSNESS AND SLOPE WITH THE COLOUR CODES.
LandUse Type: Colour Code Value Range
Residential Yellow
Industrial Orange
Public Blue
Imperviousness [Light Red - Dark Blue] [0-100]%
Slope ◦ [Darker Green-Yellow], [Yellow-Red] [0-20]◦, [20-40]◦
Fig. 1. (a) Colour representation of the terrain with various slopes along the surface and (b) imperviousness map.
TABLE II
SRPSIM DESIGN AND CHARACTERISTICS.
SuDS Type Normalised Normalised Colour code Cost of Added
QL Index Resilience Improvement Implementation £) Capacity (Liter)
Grass Swale 0.88 0.33 Pink 70 8
Bio-Retention Tank 0.73 0.67 Light Green 1200 16
Green Roof 0.708 0.33 Green 80 8
Permeable Pavement 0.70 0.67 Black 300 16
Rain Barrel 0.65 1.00 Orange 20 24
Hence, the objective is to maximise the value of resilience
which is between 1 and 0 (one means the system is completely
resilience and zero means the system failed).
B. SuDS Resilience Planning Simulation- SRPSim Game
The resilience-informed SRPSim was developed using the
stochastic function or gradient noise for generating height
maps, procedural textures and bump maps, and lightmaps for
the terrain with particular characteristics. It uses an inter-
polation based on the gradients at each corner of a single
lattice cell to create smooth terrains. The terrains have an
area of 1600 m2 consisted of 40 × 40 of 1m2 tiles/cells.
The terrains are categorised to the public and private areas
in that the forests fall in public category while the industrial
and residential areas are private sectors. Each public area has
a 50% possibility to have trees or being cluttered, which
are generated randomly on the terrain. The private area is
generated using the 45% chance of having industrial tiles while
the other 55% of cells are residential. The terrain also has
various slopes and imperviousness in that the slope determines
absorption rate and imperviousness is the absorption capacity
(how much water it could take), the higher the slope, the
lower the absorption rate. The terrain’s imperviousness is
between [0, 100]; the forest has a high absorption rate and
the cities’ resistance to water absorption is high. The SuDS
are added per unit cell, and the total costs are determined
as the sum of the costs of implementing the SuDS. The
slope and imperviousness of the terrain changes based on the
simplex noise (SN) algorithm and the data are taken from the
city of Sa˜o Carlos in Sa˜o Paulo, Brazil, based on the digital
evaluation model (DEM), and land use maps obtained from the
municipality. The player could right-click on different parts of
the terrain to get the imperviousness percentage %Impv), and
the slopes in degree (i.e. Impv: 4% and Slope: 9◦) Fig. 1(a) and
Fig. 1(b). The tile’s water absorption capacity changes based
on the slope of the terrain; it is the infiltration rate, which could
be increased following SuDS implementation. The user could
find the flooded tiles’ percentage by right-clicking on different
parts of the terrain and accordingly attempt to rectify the
problem by proposing a better solution in the second attempt.
C. SRPSim Design
The evaluation window in SRPSim is formed of 8 sections
illustrating different results and outcomes of the game. The
first line is the Total Cost that is calculated based on the
cost of adding SuDS to the terrain. For this purpose, the
Fig. 2. (a) The SuDS view for implementing rain Barrel flag on tiles represented in orange. (b) The Green Roof is represented in dark green. (c) The
Bio-retention Basin is in light green. (d) The Grass Swale is in pink. (e) The Porous Pavement flag is in black. (f) The score of the game after flood simulation
and its design. (g) The flooded areas are represented in red.
number of tiles is counted and classified into three descriptive
categories of mild-flooded tiles, heavy-flooded tiles, and dry-
tiles depending on the flooding condition. The Score of the
game is calculated in Equation 2.
Game Score = (Dry T iles× 30 Points)+
(Mid F looded T iles× 0 Points)+
(Heavily F looded tiles×−60 Points)+
(−10%× Total Costs) + (Quality of Life)
(2)
The Flood Resilience (FR) is presented in the second line,
which is normalised; [0, 1]. It is followed by the Added Capac-
ity, which increases the tile’s water absorption rate following
the SuDS implementation. The Cost of implementing SuDS
is located in the next line. The Quality of Life (QL) index
values is another element which is considered in the game
Score evaluation. It is developed by adopting an approach
used in urban planning to appraise the environmental and
social impacts of plans and policies [17]. Fundamentally, the
approach widely used to achieve this considers subjective,
qualitative judgements about these impacts and translates them
into a quantitative assessment of significance. Following this
approach, the values used in the QL index have been derived
by identifying the range and number of quality of life benefits
associated with each of the five specific SuDS solutions used in
this study. These are then summed to provide a weight which
can be applied to the quantitative modelling underpinning the
optimisation of resilience and cost, to give the quality of life
a clear influence within the decision-making process.
The game features are colour coded which are listed in Table I.
The Grass Swale has the highest QL index, which increases
the game Score based on; the weighting per unit tile per unit
SuDS. The Bio-retention Basin has the QL of 0.73, Grass
Swale’s QL is 0.88, Porous Pavements’ QL value is 0.70,
Green Roof’s is 0.78 and the Rain Barrel SuDS’ QL is 0.65.
The FR, Added Capacity per unit tile per SuDS and the Cost
of implementing a SuDS is displayed in Fig. 2. The FR, Added
Capacity and Cost for Bio-retention Basin SuDS are 0.67, 16,
and £1200, respectively. The Grass Swale SuDS values are
0.33, 8, and £70, the Porous Pavement has values 0.67, 16,
and £300, the Green Roof’s are 0.33, 8, and £80 and Rain
Barrel’s values are calculated as 1, 24, and £20, respectively.
Grass Swale SuDS is flagged with pink colour on tiles in
the terrain, the Porous Pavements are presented with black
cells, Bio-Retention is in light green, Rain Barrel is in orange
colour, and Green Roof is in dark green, illustrated in Fig. 2.
The player could add two SuDS type to a tile to increase
its capacity if it is relevant to its characteristic. Fig. 2(a)
displays that the Rain Barrel has the highest FR which adds
24L extra absorption capacity to the cell while the cost of
implementation is £20, and it could improve the QL by 0.65
which must only be considered for the private areas (not
forests). Fig. 2(b) shows that the Green Roofs can not be
placed in public areas. It complains by changing the colour
of the flag from dark green to red and the warning message
above the tile. Fig. 2(c) shows the Bio-retention Basin is in
light green.
D. Procedural Content Generation (PCG)
Procedural modelling, texturing, and shading is ubiquitous
but are vital tools for creating realistic graphics and simulation
[18]. Procedural techniques are code segments or algorithms
that specify some characteristic of a computer-generated model
or effect [19]. [20] described a complete procedural texture
generation language and laid the foundation for the most
popular class of procedural textures in use today, namely, those
based on noise (a stochastic texture generation primitive, Perlin
noise (PN) or gradient noise) [21]. The stochastic function or
gradient noise [20], [22] is a method to generate a pseudo-
random gradient vector at each lattice point (at regularly
spaced points in space), and the pseudo-random gradients
determine its behaviour between lattice points (interpolate
a smooth function between the points). Each corner of the
Simplex containing P has a unit length random gradient vector
Gvc = G(P ) where G is the pseudo-random gradient function,
and c is one of the N + 1 corners of the Simplex. The scalar
product is found between the gradient vector Gvc and the
gradient ramp Grc to obtain a scalar value Sc. In Simplex
Noise, each Sc value is instead multiplied by a radially
symmetric attenuation function to get a weighted scalar value.
Each Sc will be multiplied by weight wc that is representative
of each corner’s distance to P . In an implementation made by
Gustavson [21].
wc = (max
1
2
− (Dx2c −Dy2c ), 0))4 (3)
Where Dxc and Dyc are the distances in the x and y directions
between each c and P . Only the c corners affect a point found
within a given Simplex as any other vertices in the Simplex
grid will decay to zero before reaching the current Simplex.
Each corner of the Simplex is at an equal distance. The values
are already weighted based on their relation to P ; there is no
need to interpolate. The result is the summation of weighted
values for each N + 1 corners of the current Simplex:
N+1∑
c=0
wc × sc (4)
Random patterns are generally described in the frequency
domain, and a signal is determined by specifying the amplitude
and phase for every frequency [19].
Four-dimensional Simplex noise (SN) was utilised in this study
due to its advantage over PN, which has lower computational
complexities with fewer multiplications and dot products and
its scale-ability to higher dimensions [23], [24]. SN implemen-
tations require mathematical coordinate transformations and
gradient noises to generate smooth and continuous functions
without sharp edges. P = {p0, p1, . . . , pn} ⊂ <n, where the
points of P are affinely independent. Then the convex hull of
P is a simplex. The convex hull of a (k + 1)− sized subset
of P is a k− simplex. A simplex is called regular if it holds
Equation 5;
∃dR : ∀i, j ∈ [0, n] : i 6= j → |pi − pj | = d (5)
Where the norm is Euclidean. The simplex noise algorithm
assumes that <n has been partitioned by simplices. To find
such a partitioning, first, consider a partitioning given by the
set of by integer cubes. If (h1, . . . , hn) ∈ Zn is an integer
cube, then clearly its vertices are given by h1, h1 + 1× · · · ×
hn, hn + 1 ⊂ Zn. The cube was partitioned with simplices
such that each simplex contains as vertices (h1, ..., hn) and
(h1 + 1, ..., hn + 1) [21]. The set gives those simplices:
S = {{h, h+ er1, . . . , h+
k∑
i=1
eri, . . . , h+
n∑
i=1
eri} ∈
Zn+1 : {r1, . . . , rn} = [1, n] ⊂ Z}
(6)
where ei is the i : th standard basis vector. Because the
number of permutations of [1, n] is n!, there are also n!
simplices in S. This procedure gives a partitioning of <n into
simplices. However, these simplices are not regular nor close
to being regular.
In SRPSim, the procedural content generator was developed
through fractal noise using multiple-octaves, which were
layered together with a consistent lacunarity and gain. The
parameters to develop the terrain consisted of the amplitude
(the height of a wave), frequency (wavelength; a measure of
how many waves exist in a given interval) to generate a fractal
version of the SN (combines multiple-octaves with varying
amplitudes and frequencies) and lacunarity. Lacunarity and
gain measure how much the frequency and amplitude of each
wave changes with each octave. The lacunarity value is set to
2, and the gain is about 0.5, which means each octave will have
twice the frequency (half the wavelength) and half the ampli-
tude of the previous octave. A convex of four-dimensional
polytope was used to construct the grids and to fill the space.
Noise with varying frequencies was summed to create multi-
octave noises (3-octaves and 4-octaves), Persistence is 0.5, and
Lacunarity is 2. Lacunarity of two means that each octave will
increase its level of fine-grained detail (increased frequency).
Lacunarity of one means that each octave will have the same
level of detail. Lacunarity of less than one means that each
octave will get smoother. The Stretch or scale values are
picked between integer numbers [10, 40] is the number that
determines at what distance to view the noise map. Octave is
the number of levels of detail in the terrain. Lacunarity is set
to two that determines the frequency of the noise wave or the
number of details that are added at each octave. Persistence
is picked to be 0.6, which determines the amplitude of the
noise or the amount of octave’s contribution to the overall
shape. Gradients: 41 points uniformly over a line, mapped onto
a diamond. Multiple-octave generated terrains with a more
detailed look as zoomed in. The sum of the added octaves is
normalised down to the range between [0, 1] [18]. The values
above 0.5 is private and below 0.5 is public. The pseudo
algorithm is illustrated in Algorithm 1. Table II shows the
list of parameters and characteristics integrated in the SRPSim
design.
Algorithm 1 The pseudocode of Composite Wave Function
in the Terrain Generation.
CompositeSimplexNoise(position, octaves, persistence, lacu-
narity)
Amplitude ← 1
Frequency ← 1
Result← 0
i← 1tooctaves
sample ← Simplex(position × frequency)result ←
result+ sample× persistencefrequency ← frequency ×
lacunarityresult
E. Engagement Questionnaire (EQ)
The core game experience during gameplay was assessed
using multidimensional perspectives [25]. An Engagement
Questionnaire (EQ) with two parts was designed to evaluate
the player’s involvement in the SuDS Resilience Planning
Simulation (SRPSim) game.
The part one of the EQ consists of five-point numeric rating
scale - Likert scale (multiple choices) [0, 4]; 4. Strongly agree,
3. agree, 2. Neutral, 1. disagree, 0. Strongly disagree (5-
category rating scale).
The questionnaire aims at evaluating the level of effectiveness
of the game to construct new knowledge about resilience and
SuDS decision making. It also tries to identify the required
modification based on the feedback received to be able to
design the beta version of the game. As such, the flow was
used to measure if there is an appropriate balance between
skill and challenge set in the game. Flow describes the enjoy-
ment feelings due to a balance between skill and challenge
in the process of performing an exercise [26]. Dual-Flow
model measures a combination of attractiveness in terms of
compelling gameplay and effectiveness in terms of skills and
physical outcomes [27]. The dual-flow was used to measures a
combination of attractiveness in terms of compelling gameplay
and effectiveness in terms of learning outcomes [27]. Presence
is the sense of being within the game world by controlling the
game, a need for challenge and feeling of efficiency while
interacting with the game [28]. Concepts of presence are
widely discussed by game designers, who attempt to make the
experience of virtual worlds feel to be real and authentic [29].
The presence was integrated to measure the participant’s pres-
ence feeling while engaging with the game and whether they
perceive a high level of control and engagement [30], [31].
Absorption defined as the total engagement in the present
experience [32]. In contrast to the presence and in common
with the flow, being in a state of psychological absorption
induces an altered state of consciousness [33]. While this
feature is perceived as having a negative psychological effect,
we are looking at its potential to attract the players to interact
more and increase learning intention. To secure an opportunity
to experience flow, the game must offer always challenging
tasks. The part-two of the EQ was used to improve SRPSim
game and develop its beta version in our future study.
Part-one: Multiple Choice Questions:
1) Gender: Male, Female, Prefer not to say
2) Age Range: 20-35, 36-51. 52+
3) I felt competent as I learned more about the SRPSim
(Dual-Flow)
4) The SRPSim had a positive effect on me; I felt content,
and happy (Absorption)
5) I had to put many efforts into the SuDS adoption, and
selection - felt frustrated (Absorption)
6) The SRPSim kept me on my toes but did not overwhelm
me (Absorption)
7) It was challenging but stimulating (Presence)
8) I was fully absorbed by the SRPSim (Absorption)
9) I enjoyed playing the SRPSim (Flow)
10) I learnt more about resilience and its evaluation as a
result of playing the SRPSim (Flow)
11) I really tried to design SuDS for flood mitigation (Flow)
12) I was so absorbed into the SRPSim and lost track of
time (Absorption)
13) I think SRPSim is effective for resilience-informed
SuDS planning tool (Presence)
14) The SRPSim helped me to gain more knowledge about
the SuDS arrangement and efficiency (Dual-Flow)
15) I would like to continue playing the SRPSim and inter-
acting with the virtual environment until I get a better
SuDS planning Total Score (improve my performance
based on the feedback I receive) (Dual-Flow)
16) The influence of the SRPSim was as deep as real-life
(Presence)
17) I felt calm while playing the SRPSim (Flow)
18) I felt bored (Presence)
19) I was engrossed forgot everything around me (Absorp-
tion)
20) The resilience-driven multi-objective model in SPRSim
could transform SuDS design and planning process
(Dual-Flow)
EQ’s part two: Please answer the questions below in your
terms:
1) What do you think about the relevance of the SRPSim
to improving flood resilience?
2) How long did it take you to familiarise yourself with the
SRPSim?
3) During the SRPSim playing session, did you focus on
the remaining time? Please tell us more about your
experience.
4) What didn’t you like about the SRPSim?
5) How did you find the feedback on the scoring system,
quality of life index, and cost calculation in addition to
resilience in the SRPSim and how would you change it?
6) What addition would you like to see implemented to
make it more interactive, interesting and user-friendly?
7) Between the SRPSim play features and visual features
which one do you find more compelling? (which one
was lacking)?
8) Please, give your recommendation on how we can
improve the training tool.
9) What effects do you think it can have on the educational
environment?
IV. RESULTS
A. Participants
Fifteen participants volunteered to participate in the study
and completed the EQ. 8-male and 7-female, from which six
people were in the first category of age, six in the second and
three people’s age were 52+. Participants played the game
for some time to familiarise themselves with the game. It
was followed by collecting the best scores and attempting to
complete the EQ. All players were asked to pick the same
seed number provided by the game environment to have the
consistent game condition.
Some of the free texts collected from the part-two of the EQ:
• SRPSim could help those making decisions to much more
clearly visualise the impacts of different types of SuDS,
including their wider benefits.
• I think the simulation has great potential to help with
understanding the practical impacts of SuDS, rather than
just hearing about them in the abstract. In particular, it
allows people to experiment with the practical consider-
ations of designing SuDS schemes.
• Not all the decision-makers in flood management have
specialist knowledge. Game applications can simplify and
visualise complex concepts for decision making. So, I
believe it can make a difference in resilience-informed de-
cision making, particularly when several scenarios should
be tested, subject to a precise and engaging design.
• I was fully engaged with the game trying to understand
how different scenarios can lead to a decision.
• A user manual could be useful.
• Perhaps instead of having a flag showing the feasibility of
implementing a SuDS option, a colour coded land cover
or something similar could be more helpful. Currently,
the user should either click and see or should know the
feasible SuDS types in each land-use type.
• Inclusion of time - resilience estimation without the time
factor is not very accurate,
• It has great potential for the promotion of education in
this field, e.g. flood management module in the school.
• I see SRPSim as an exciting tool with potential uses
for improving, flood resilience in urban and peri-urban
catchments.
• The main strength would be involving different stake-
holders, regarding possible selections of SuDS to mitigate
flooding.
• It was swift; the game is very intuitive and user-friendly.
• I had one hour thirty min to play the game, so I tried
to optimize this for making the options and selecting the
SuDS types accordingly.
• Gamification makes the process more attractive and, in
the context of SuDS, has the potential to be a tool for
different purposes.
• It shows the interlink between different objectives such
as flood reduction, cost and selection of the appropriate
site. SRPSim shows, in a very interactive manner, the
challenges in trading off flood reduction and SuDS cost.
V. DISCUSSION
Simulation-based education and training are gaining mo-
mentum across different disciplines [34]. These provide the
possibility to amplify real and guided experiences that evoke
substantial aspects of the real world in a fully interactive
way. Experimenting and training are frequently recognised
as a means of innovative approaches for pursuing a more
sustainable society, which could unfold in different formats,
such as serious games [3]. Serious games allow simulating
real-world issues and consequently produce a safe and open
environment that is inviting for exploration and training. This
paper investigated the potential of using the serious game
known as SRPSim as a training tool for SuDS decision mak-
ing. SRPSim is a collaborative work with Brazil to produce a
game that is meaningful for future players in reflecting a wide
variety of regional challenges and conflicts.
Noise function or simplex noise was used to design the terrain
in SRPSim game. It was produced through pseudo-random
smooth gradients with visual details in renderings. It had
the advantage of being Non-periodicity, low memory cost,
resolution and efficient random access [35]. PCG algorithm
function was parameterised to generate a class of related noise
patterns. The parameters controlled the power spectrum of the
noise and characterised the noise pattern.
Analysis of the free-text comments in EQs showed that
the SRPSim game had changed participants’ view regarding
flooding issues and implementation of SuDS. The game is
informative, improved participants knowledge with regards to
resilience and its measurements. It has the great potential to
be used as a tool in demonstrating the factors that should
be considered during SuDS design and flood mitigation. It
improved the understanding of the relative importance of
spatial variation of catchments and other factors affecting
urban flooding and the cost of SuDS implementation and
maintenance. The participants learned the process of formulat-
ing resilience-informed SuDS planning, particularly the ones
without water engineering background could easily recognise
the scientific terminologies.
Future study will use Rasch analysis to determine the extent
of psychometric measurement to assess the framework.The
ordinal Likert analysis will be carried out using Independent
t-test and Paired sample t-test to investigate any difference
between gender and ages motivation towards SRPSim.
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APPENDIX
The link to the game is available on GitHub: SRPSimTM
